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AHHOTAUHfl 


npefl/toseaa npoc*r^ MaTeuaT^necKafl mjieJii opda- 

TEuiBHoro KOMimeKca "CalHor 6" - "Cods" oTfjacliTeBBHO uenipa' 
Macc B pexaue onHoocHofl rpl'B^auaoHH^i^'^aeHTamui. C noMomBs 
3T0fl MojieM npoBesefla oc5pa(5on»^€^;iBTaTOB HawepeHHfl napa- 
MeXpOB HBBXeHBB OpdHTajlBHOrO.'^tOMmtaKCa , BUBOnHeHHHX BO BpeHH 
JicnoaBaoBaHHfl jKaaaHHoro^p^HMa. 

BoccTaHOBfleHH^KOTopHC peanBHHe cnyTHMca a Haii- 

neHH ero aaponaa^MHMecKHe napaweTpa. IIojiyBelH<oueHKH tohhocth 
peajjiBTaTO^'^MepeHHfl a oueHKa To^iHocTa acnojiM^^ofi MaTewa- 
TaqecKOITMo.nefla. 


ABSTRACT 


A simple mathematical model is proposed for the Salyut 6- 
Soyuz orbital complex motion with reepect to 1:he center of 
mass under the one-axle grayitT’-gradlent orientation regime. 
This model was used for processing the measurements of the 
orbital complex motion parameters when the aboye orientation 
region was Implemented . 

Some actual satellite motions are simulated and the satel- 
lite's aerodynamic parameters are determined. Estimates are 
obtained for the accuracy of measurements as well as that of 
the mathematical model. 
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I. BsegeaHe. 0p6HTafli>aH8 KowaneKC "CanuT 6" - "Cobs" (ija- 
jiee ujui i^aTKOCTti aaoriia aasuBaeuaS cnyramDu) opeACTasafleT co- 
dofl CBABHO BUTflBJT^ KOHCTp^KmiB C 60 JU>milMB DOnepeHUUMB IfiOUeHTa- 
taa HHepuBH. C yncTOM sToro ocScTOHieaBCTBa KocMOHaBTH r.M.Ii)eHKO 
0 D.B.PouaBeHFo npejuiosiiaB npoBOSHTB nacciiEHufi noaeT cnjTHBKa b 
' pesBMe oahoocboS rpaBBTauaoBHofl opfleBTamiB, HaapaBBs ero npo- 
aoBBayio ocB bhojib MecTHoa Bepraicajif! [l]. HeofixofltoJHe BBMajibme 
ycnoma ;^BUEeBBfl no yraoBuu oTKnoHeBBHM oponoABBoa ocb ot mbot- 
Hofl BepTBKajiH 0 no srnoBoa CKopocTB obb noAjHanB njTeM pjHBoro 
ynpaaneBBa c BcnoaBSOBaaBeu BBOBKaTopa ^rAOBoro nojioseata — 
nu’ipoKOjroABBoro BBSBpa (none speHHB 190^, ocb BBSBpa nepneasB- 
K^^AHpaa npoAOABBoa ocb cn^TBBKa) B BBflBKaTopa yrAOBHx CKopocrefi 
c nBilpoBoa BBABKamiea. ynpaanaDmae uoueBTu cosnaBaABCB peaKTBB- 
HUMB MBKpoABBraTannuB CBCTeuu opaeBTaUBB. 

B aanajie BcnoABsonaaBn pesBMa rpasBrauBOBBoa opBeHrauBB 
~aATop0TM nocTpoeBBB BaqanBHKX ycnoBaa ABBmeaBH B,3Tow-peK0Ue 
cocTOflA B CAenyomeM. CnyTBBK opBeBTBpoBaAB B noAOseBBe "aa pas- 
roB" (npoAOABflan ocb cnyTBBKa napaAAeABaa KacaTeABBofl k opfiBTe, 
nepexoABoa oTcex HanpaBAea Bnepen no noAety) Tan, nTO(5u BsoOpa- 
ECHBe SeuAB tfuAO B nesTpe BBsapa. Saxeu coyTBBK pasBopanBEBAB 
~B OAOCKOCTB OpdBTH Ba 90® nepexOEBHM OTCeKOM K ScMAe, T.e. 
'coBMeoiaAB nponoABByo ocb cnyTBBKa c uecTHoS BepfflKanBio. Hccbm- 
ueTpanaaB coABe^aan daTapen npa stom pacnoAaraAacB b OAOci^cTB 
opOBTu Bnepes no noACTy. K KOBny passopoTa npoeKiiBA yrnoBOfi 
~CKOpOCTB cnyTBBKa Ba BOpuaAB K nnOCROCTB Op6BTH CBBsaAaCB OT 
uaRCBUaABBOfi (0. 3*^/0) no opdBTaABBOfl (0.066®/c Ba BucoTe 340kh), 
npOeEUBA yrAOBOfl CKOpOCTB Ha BAOCKOCTB Op<5flTU npBBOnBAaCB B 
HyAB. 3TB 3HaneflBfl KOBipOABpOBaABCB no BBABKaTOpy yrAOBUX CKOPO- 
CTefi, a Tpe(5yeMoe noAOseaaa cnyTBBKa — no yrnosoMy paccronaBD 
' OT neBTpa BBSBpa AO Kpan BsocSpaECHBA 3eHAB (18.3° aa BucoTe 
340 km). 6 pesyABTare cnyTBBK 6ea paoxona TonABBa coxpaBan aa- 
AaBByo opBeHTacum baoab u8CtboB BepTBKaAB b TeneaBe BecKOABKBx 
cyTOR. TonaocTB opBeaTaoBB cocraBAHAa ot I°-3° b aa^iane peEBMa 
AO I0°-I5° B Koaae. 

PesBU ipaBBTauBoBBofl opHeBTaoBB oRasaACB o'leBB ynodam 
AAK opoBeAeBBR pasfloro pona aaynHHX BCCAeAOBaaBfl. Ehab CAynaB 
KorAB cnyTBBK BaxoABAcn b coctobbbb rpaBBTanBOBBofi opaeBTaiiBB 
npauepBo BeAeAO — ot oabopo ABBauEnecRoro pesHua ao APyroro. 

Hsnoq)eAPVBeBBoe SRcnepioieBTaABBoe BCCBeAOBaBBe BosMyqea- 
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Boro sBflzeHBH cnyTBBKa B pexBiae i^BHTaaflOBHofi opaeHTaiuiB npa- 
B6A0 ROCMOHaBTOB K 3aKHineBflB, ^ITO iqpOUe BeB3()eSHia OfflBdOE B no- 
CTpoeBBB BanaABBUX ^CBOBBft 0pB6BTBp0BaHB0r0 nBBseHBa cjmecTBeB- 
Boe necTa($HjiB3Bp;K>iQee BnaaBBe aa 3 tot pezBu oRasuBaeT aapon^iBa- 
iiBHecRiifi MoueBT. 3 tot MoueBT odycAOBEea aaposBBauH?ecK02 acBu- 
ueTpBefi cnyTBBKa b ueKOM b, b ocoCeBBOCTB, acBMueTpaed naaeKefl 
coBBe^BHx 6aT^efl. B ^acTBocTfl, Bs-sa BeycToflqBBOcTB nepesBero 
paonoBOzeBEB BecBUHeTpBKBofl coBBe^ofl CaTapen BadBonanocL ipa- 
maafle cnytaBKa BOiq>yr nposoKBBoS oca 

Aaajuia BaOaDAeBflfi BoanyoieBBoro SBBseBBH bosboebji r.M.PpeqKO 
paspaCoTaTB tioaee npocxofl n sKOBouiraHBfi a;iropBTu npBBeseBBH 
cnyTBBKa b pesau ipaBBTaoBOBBOfl opBeBTanaa, ocSecne^BBaDmafl tbk- 
bb (SoKBqyo tohboctb nocTpoeBBs aa^iaiiBBUx yanoBufi. Ha^BBafi opaea- 
TaOBE). KocuoBBBTH ys6 B6 i^BBOwuiB cnyTBBK B3 fleKOToporo cny^afl- 
BOTO nojioseBflat ocTaBmeroca nocjie npenuKyniero sHfiauBHecKoro pe- 
sBua, B □poMesyTO'iBoe •> "aa pasroB”. C yrjioBuuB cropoctkiiih 
^0.3°/o OBB BpaTaafliiuuiB pasBopoTauB npBBOAHKB B3o6paseHBe Seu- 
na B BB3Bpe b Tpedyeuoe noAoxeafle; saTeu cHBxanB yrAOByn cko- 
pocTB cnyTBBKa , AOOflBaacB ooTaaoERB BSoPpaxeaBH b 3Toh nonoxe-' 
BBS B cAeAB, atodH BeRTopBafl Cyme yraoBux CRopocTefl OTBocBTeAB- 
BO nonepeHBHx ocefi paBBflAacB opdBTaABBOl! , a yrAOBaa ckopoctb ot- 
BOCBTeniiBo npOKOABBOfl ocfl paBBanacB ayjiD. OouiOrb b nonOope yr- 
;iOBiiK CRopocTefl OTBOCBTeABBO nonepeaBux ocefl BeBSdexBo BusuBa- 
DT yzoflB cnyTBBKa as ycTaaoBseBBoro noAOxeBaa. UoaTOMy aeo(}- 
xonauo oKOBweABBoe yTcaaeBBe opaeBTanaa nna ycTpaaeBaa TaKax 
yxoAOB. 

7KasaBBoe yTO'iHeBae (oho npoBOSBAOCB a npa nepBou cnocoOe 
nocTpoeaaa opaeaTaqaa a, cAenoBaTeABBO, ae seAC k sonoABBTeAB- 
Howy pacxony TonAHsa) ocymecTBABAocB nsyMa-Tpeua nocAenoBaTeAB- 
hhmh npadABxeHHaMH no OTKAOHeHasM ypAOB cnyiaaKa ot bx HOMHHaAB- 

3to Bpaiueflae moxho ycTpaaHTB, npaBow cnyTHHK b pexHM ipaBH- 
TanBOBBofl opaeBTauHa TaRau odpaaou, aTodu aecauMeTpaHHaa coA- 
aeaBaa daTapea pacncAaiunacB b nAOCKOCTa opdaTu aasas no noAe- 
Ty. 7Ra3aHHyD HaaaABHyi] opaeHTaaaB cnyTaaKa acnoABSOsaAB sno- 
CAeACTBBB Jl.Ii.nonOB B B.B.PDBIBH. JLoR 3T0P0 OBB npOBSBOSaAB pa3- 
BOpOT cnyTBBKa B nAOCKOCTH OpdBTU B3 nOAOXeBBH "aa TopuoxeHBe" 
(nepexosBOfi oTceK BanpaBneB Basan no noACTy). 
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HUc 3Ba'ieBafl b pexaHe rpeBBTaoBOBBoB opHeaTatuu a ipeueHan 
BBRoiuieHaB ataz onuoaeBafi. UaflauaBBauMa aun;ju>caiia oTKnoBe- 
BBfl EBpapanacB no ayjm a Bflocaiiac& noiq>aBKa b yrzoBue CKopo- 
CTB on^TBaKB, KOMneHcapyoniBe qieAHBe cKopocTa BaueaeBBa ot- 
luoBeaaB. 

OTKBOBeBBB ymoB asHepflABCB c BOMoiDBo Baaapa, Be npeABaa- 
BaaeaBoro nnfl tbebz aauepeBafl a ae auesmero cooTBeTCTByomax 
AeaeBafl, aoBwnaanmx tobboctb otc^era. Doarouy P.M.Ipe^ open- 
BOsBn BBecTB B BOJfie ^eaafl Baaapa tsacRj, ROTopaa noaBoaJuia 
jnpocTaTB npoqecc npaBenSBafl cn^rTBBsa b pesau rpaBaTaoaoBBOfl 
opaeBTaoaa a bobucbtl tohboctb odaoneveatui Tpe6yeiaa aa^ajuaux 
jcBOBafl no jraoBBU otRjioBeBBBu. Uacza Puna aaroToaneBa a no- 
CTasneBa aa "CanDT 6 ". Do ueTonaKau r.U.I^eaRO a c nouomaD 
^nouBBjTol) same ubcke pesau i^sBaTauaoflBofi opaeaTauaa yBepea- 
Bo acnonBaoBancB Bceiia nocnesysoiBiia aKanazaiAa opPatanBaoro 
KomuieKca "CanDT 6 " -"Cona". 

HeKOTopue Bonpoou ABaaiuiBB pesaua rpaBBTaoaoBBofl opaeaia- 
oaa opPaTanBBoro Roimnesca Puna accneAomBu b [2,3]. B 8TBz 
paPorax ctQrTBaK c'qaTanoa TsepAuu Tenon, aueDmau $opi42^ oanaan- 
pa c ipeuB npBKpenneBBuua r aeu; nnacTaaaua — conBeqBuua Pava- 
peHua (pac. I). OpPaTa aesTpa uacc cnyTBBRa npeimonaranacB 
RpjrroBofl, a ynaTHBanocB aefiCTsae aa cnyTaaR i^BBTaaaoBaoro a 
BOccTaaaBnaEaDmero aapoABsauiniecRoro uoueaTOB. B [2,3] nna 
paanaBBuz cnocoPoB BBeAeaaa uanoro napaueipa b Bane ^puanBBUx 
pnnoB Puna nocipoeBU aareiTanBHue noBepzaocTa ypaBaeaBB nsB- 
seaan cnyTBBRa, onacuBaoioBe ero RonePaaaa a spauieBaH Boapyr 
i^ononBBOfi oca, BanpaaneBBOfl npaPnaaaTenBBo baobb ubctboA Bep- 
TBRana. Tazae jmseam npenflaraaoob cBaxaTB BouaaanBBuiia ae- 
BoauymeBBHua AEBBeaaBMB cnyTsaRa b pesaue rpaBaTaoaoBBofl opa- 
eBTaoaa. Buno npoBeAsao vcneaaoe accneAOBaaae yRaaaBBUz aare- 
ppanBBuz noBepzBocTeS a BoaiQmeBBuz ASBaeBafl b az ORpecTBOOTB. 

B AaaaoB paPoTe .ypaBaeaBH ABaaeBan cnyTaaRa, BUBeAeaBue 
B [2,3], acnonBayDTca jsna oPpaPoTRB asiiepeBafi aeROTopux napa- 
ueTpoB ABBseBaa, BunonBeBBun F.H.I^e^iRO aa PopTy opPaTanBBoro 
RounneRca. Bcero Puno nposeAeac Tpa pbab aauepeBafl. fiaa aa aaz 
OTBOCBTCB R ABBseBas) cnyTBaRa B pesHw rpeBBTauBOBBofl opaeBTa- 
naa a oabb — r CBoPoABOuy (BeopaeBTapoBaBBOuy) ABaseaao. 

UeniiD 3TBZ aauepeBafl Puno noRaaaTB, bto b pesaue rpaBaTauaoB- 
Bofl opaeBTaKBa uaiqpoycRopeaaa, ABflCTBiyBmBe aa Popiy cnyrana. 
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MHHHMaflBHH. BonpOCH, CBHSaHIflje C HCCaeflOBaHHeM MHKpOyCKOpeHHfl, 

B muRoU paCoTe Be paccwaTpjJBa'OTCfl, a BSMepeHJw BCiioJiBsyiOTCfl 
lym pasHoro poiia oueaoK. B pe3y;iBTaTe otipadoTKH amx BSMepeHHfl, 
npoBefleHBOfl pasHKMB CBOcofiaMB, BoccTaHOBfleHH HeKOTopHe peanBHue 
SEiixeajiB cnyTHBHa a HafineaH ero aapoflBHaMBWCKae napaMeipu. Ilo- 
jnyxjeau TaKse oueHKa tohhoctb peayaiiaTOB HSMepeaHfl a oueHKa 
TonaocTH npHHflTHx E pafioTc ypaBHeHafi HBHseHafl cnyTHHKa. 

2. ypaBHffHH/T npanteHag. CnyTHJBK 6yjueti cmraTi TBepwM le- 
jiott, ueHTp Macc KOToporo astiseTcfl no iqiyroBoS opfiBie BOKpyr 
SeMflB. JLiifl aanticH ypasHeaHS ^iBEseHisfl cnyTHBKa oTHocBTeaBHo 
ueHTpa Macc BBeaeM flee npasae aeKaproBa cacrem HOopuBHar,^ 
0XfX;^X3 — CHCTeMa KOOpaHHaT, JteCTKO CBflSaHHafl CO 
cnyTHHKOM. To^kb 0 - ueHTp Macc cnyTHHKa; oca 0xi^Oxz,Oxj - 
rJiasHue peHTpanEHue oca aaepnaa cnyTHHKa. 

OXiXiXj — optSBTaHBHafl CHCTeMa KoopnaHaT. Ocb OXjaa- 
upaaneHa bkojib paAHyca BeKTopa tohkb 0 OTBOCHTeHBHO ueaTpa 
3euaa, ocb OXi aanpaBiieHa no KacaTe^BHofl k op6are b CTOpony 
HBHxeHHH cnyTHHKa. 

nOHOseHHe CHCTCMH KOOpflHHaT OXfX^Xj OTHOCHieHBHO CH- 
CTeMH OXfX^Xj aaflaWM o domoiubd yrjioB <T , Ji , X (pnc. 2). 
CooTBeTCTByDDgiH MaTpHua nepexona HMeei bhh 



^1 


X3 

X, 

CL^I 

On 

Oi3 

X. 

0.21 

Ozi 

Ozi 

X3 

a.. 

0}1 

Osi 


I 


Uff = -sLnd^COSp, 

CL 11= cosSiin i +sinS sinp cosX, 
a|3 = cosScosif - sinS Onp sin }f. 


0-21= sinp , asi =-cosS^cos^, 

= cospcosif, ai2=-sinS$inif+cosSsinficos}f, 


a 2} = - cos^sinifi ajj= -sinScosX-ccsSsinfiSinif. 

\ 

l 

KaK HetpyAHO BBAeTB, yvna 5 a ^ saAsmT noHoseHHe och Ox^ b 
opdHTajUiBOfl cHCTeiie soopnBBaT. yroji y aaAfiev noBopoT cnyrBH- 
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sa Bo^yr aroS oca. 

BBeneia odosEOHeanfl: (a)^ > £<>j ) - adcojiMHafl yrjioBaH 

CKopocTB coyTHBHa ( 3 j@ci> B js^ime KOunoBeBTH BemopoB ysasuBanT- 
ca B cBcreiie EoopsBflaT Ox^x^Xj )•, A , B , C - uoueaTH eaep- 
ma cnyTHma OTBOcsTeaBBO ocea Oxt^Ox^^Ox, ; ~ 

— BHBBcmeBBHS oTBocsiTeiiiiBo 7OTBB 0 maBBua mmat memaax 
CBB, npanoseBHHX k cnyvHBBy; cOo=cOnst >0 - yraoBaa cbopoctb 
opdBKuiiBoro nEaseaafl; i: - :^euH. JlmzeBae (aiyraBRa otbocb- 
TeHBBO BCBipa uacc onHcuBaerca <yi»BBeBfiHUB 

IV 

^ = OJ^ - t^^iCOj^COSiS - COjSUlTf), 

^ (‘^zcos 2 f -«;3 5 t.njr)-cjo, 

^ = u>^sin}i + to^cos'ii , 

+ (A-OwiOJj = M i 
C^+ (&-A')CO<C02 = M 3 . 

Ms BBCiSBitZ UDHaCBTOB, ^fiCTBP)lUBZ BB CI^fBilE, dySBH yBHVB- 
BBTB TOBBED rpaBBTaBBOBHHfl B BOCCTa^BOBBaiUIiHe aspOJdBBailBBeCBBa 
BsooeHn. KoBmoBeBTH ipaBasaOBOBBOPO lOueBTa bu^t bbb 

Mji = 3o;/ff-6)a3z«3* . = Sco^iA-Qa^iajf, 

Mg 3 = 3 wfCB-A)a 3 ia 3 ;^. 

I^B BBBBOieBBfl BOCCTaHaMgRHPlgBrO sspojiBBaiiBBecBDro totsea- 
Ta dyneu caBsaTB, aro cnyxHBB Bueex ^pi^ OiuiBBBpa c Tpeua iq>a- 
^aseBHHHH E aeiiy onacsBrnuB — axsffiaBHUB daTapaaiiiB (pBC. 1). 
Panayc lunBBApa — R . Bacora — € . Ocb OHjiHaapa coBoanaeT c 
oc£o OXf , a ero reoBexpaaecKBa aeaxp Bjtser BoppABaara 
0 ) . Sse coBHeBBue daiapaB Besax b bboceocxb Ox« X 3 (pBc. I) ' 
a onaa-B bbockoctb OXfX^. IlanqaaB BasnoM cobbbbboS daxapaB 
paBm S . reoHe^aaecBBfl aea^ ebxadM daTsy^a y;^Bea aa 
paccToaaBe € ox ocb Ox^ , a ero i^soeEqaa aa 9x5 ocb ateex 
KOopABHaxy dz • OxBocaxeaiao BsaBUOABMcxBBa cnyxBBEa c axis>- 
cj^epofi dyaeH CBBxaxB CBeAyoiqee: I) axiDc^epa aenoABBsaa. b 
adcoBDXBOH iQiocxpaBciBe; 2 ) seBcxsee axuoc$epu aa cnyxBBB cbo- 

AHXCfl E CHBB COUpOTEBZieHHB , npBBOXfiBBOS B PeHXpe SasaeaBH B 
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BaDpasneBBOfl npoTBB CKopocTH ueHTpa uacc cn^iBUKa; 3) conpoTHB- 
aesee aTuoc$^u ae BiaaeT aa aBOiODBBJo opdBTu. Ilpa caemBBox 
opeADOJioxeBiiax aba Do,upseBBfl cn^^TBaxa. b kotopkx ocb Ox^ npa- 
(SiiBBBTeBBBO napajuieBBm oca OX 3 (.sinSvo,sinp =>^o) , KOMnoaeaTu 
aapoAaaaitmecKoro mombxb ssneoT bba [ 2,3] 


3abc& 


Mai = c*f V*S^F(att an 

Max = ^c*fV"[2Rfa«+SF(a«d;,-a„r,0], 

Mas =-^CxfV^[2Reatt +'sF(a«di-a« tzi)] . 


F 

^1 



®-izl + 

2|a<xl 


^ l^nl 



njiu 

nfuL 

njvLb 


0 <cLnla.ii , 
- 1 ^aiz/ai 3 iO, 

latzl>lanl; 




Cx - Koa^^oaeBT aaponaaaMaxecBoro coapoTBBneaaH ; f - naoT- 
BOCTB aaderaDoiero aa cnjTaaK Boan^naaoro noToxa, Y - aOcoaioT- 
aaa ckopoctb aeaipa wacc cnyiaaKa. noflaraen, xro ^ -const . b 
paxKax npaaarofl MOAena ^pujaa (2) tohbu toxbro npa sinS - 
= stnp = 0 , Ecjia ae ara cooTaomeaaa ae BHnoaaeaH, to, b 

(2) atieeTca norpemaocTB, oO^caoBneaBaa aeTOXBHH Byxacaeaaeu 
naoQiaAB aateaeBiui coaaeHBHx daT^eft a nnoiqana xacxa noBepxaocTa 
oaaaBApa, oiaiBaeuofl BoasyoiBHU noTOKOU. B pexaue ipaBaTapaoHapfl 
opaeBTaaaa aPcoaDTHaa BeaBaaBa yraoB 8 a ^ , rbr npaBaao, 

ae qpeBOcxOABT aecKoaBRax rpasycoB. noaTOM;^ raKaa noipemaocTB 
ae npeBBioaeT noipemaocTa cauoS uoaeaa. Eoaee TOHaaa uoAexB Baa- 
auoABBcTBaa cn^fTaaKa c aTUOC$epofl noaaaa yxaTHBaTB paaaoro po- 
na Bapaapaa naoTBocTa axMoc^epH y a asueaeBae opaeaTaaaa 
coaaexfiux daTapefi OTHocaTeaBBO Koppyca cnytaaKa. OflaaKO, c OA- 
Bofl CTopoBH, yxeT atax i|aKTopoB Tpefiyex BBeneaaa b BapaseaaH 
Ana aapoAaaauaaecRoro uoueata PoxBoiero xaona TpyAao opeHaBaeucc 
napaueTpoB, c AE^rofl cxopoBB. yse $opiiyaH (2) oosboahst buhbbtb 
ocBOBBae CBoflCTBa pesaua rpaBBTaaaoBBOfi opaeaTaaaa [2,3]. 

C nonontBO deapaaitepaux BeaaxaH 
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8-C 


(■•■ = uz,3). r = (o^t, A = = 

,, cxpY^si .. c^pV^REd^ „ cocpV^SHz 
- Mcoy ’ ' /“3 - - - 572 ^ 7 ” 


ypaBBeHOfl (I) npH Mi =^^i+Ma.i (i*i,z,3)tM>zao aanHcaii. oae- 
sSBmu o6paaou 


i=Sl^ -t^^isi^^coi^-a^sinif)^ 

^ = c^(Sigeos^f-SijSin)f)-1, 
p = Slg^ Sin -f- Siscos if , 

^ fz(SigSlj~30.ii,iiji) -t- ^^f(CLf2,Xi - O-iitz), 

■®3 =~ (^i~k+yfi.)(siiQ.i~ 3dsittiz.)~^[(/^z'*-/^iF)^a. ~/^Fa„<tz.] . 
SnecB TottRofl o(3o3BaqeHo flB$$epefl[uipoBaflBe no X . OpaBue qacra 
ypaBBesHfl (3) Be conepoaT T a 2^ -nepaoAaqecKa saBacBT ot 

^ • 

OoABaa aaepraa nsHseaBB cn^TaaKa BOKp^r ueatpa uaco. oTse- 
ceBBaa r Ccu/ , Bueer bus [3] 

E =■ y (iif - 252<a^j+3aj^ ) + +■ 

npoasBOABaa arofl se^maBu no x s obos ypasBeaBB (3) onpefle- 

AB6T0H $OpV;AOfl 


ypaBBeBBB (3) coABpsaT dhtb napaueTpos: A 
Ajih oneaxa b 2 saaqeHBfl d;Be*i cqataTB, qro onacaBBaa nma 
HonsAB optiBTanBBoro BoimneBoa "Ceudot 6 - Cods" aiieeT CAenjDQK 
zapaBTepacTBRB [2*] : 

A 8 51600 KM^, 6 = 967700 K«^, C = 964100 KTM^, 

Ss 20 1^, § s 4 ti, R B 2 H. 15 H, c/f 8 I M, c/^‘=0,5 lU 

napaaeTpH opOara sosBueii ox 12 l^-BpaBa 1978 rojta: bhcotb — 

340 KM, nepaofl — 91.2 hbh. B atoM cnjqae C(;0a.O_.opiI5 o**^ a^ 



lO 


corjiacHo [4] y = 1. 104*10"^^ kt/m®. IloaoKaM Cx= 2. Torjia b 
CHCT etae (3) 

X= 0.0535, 0.0697, |JL^= 0.772, ji^= 0.579, ^^=0.097. (5) 

Tohhoctb onpeflejieHJiH bthx napaweipoB HeoflHHaKOBa. SHaqeHUfl //t 

a A HSBeCTHH flOBOaBHO TO»IHO, SHaHeHHfl |U.^, ^2^, p,j — BeCBMa 
npBfiflHseHHO. IlorpemHocTi. b onpeflefleHBH odyojiomeaa 

h6to^hhm BHaHaeu <} , di ,dz , Cx. 

3. OjHoocHafl roaBtiTaaaoHHafl oPBeHTamw. PesHMow osHoocaofi 
ipaB0Tau0OHHo0 opaeHTaaBH cnyTHBKa c5yaeM HasHBaTt TaKoe ero aeb- 
seHBe, B KOTopoM yrojt 6 Messs ochmb a (- OX3) 2) 

H6 npeBOCxoRBT HeKOTOporo SHaHeHBfl A . HanpBwep, mokho b 3 Htb 
A = 10°. B saBBCHMocTH OT 3Ha'ieHB0 napaMeipoB cnyiHBKa bosmoh- 
fla pasHHe nojxofla k peaxaaauaH pexHMa rpaBBTauaoHHo® opaeHTamia 
a ero accjieitOBaHaH). B pacSoiax [2,3] TaKoe acc;ieflOBaHae npoBojja-. 
aocB MeTOipMa Maaoro napaMeipa. B [2] Manuua napaMerpaNia cqaia- 
;i0CB |A. , , |i .2 H [uij , b [3l B KanecTBe waaoro napauerpa 6 hjio 

B3HT0 A . IlepBHfl 03 yKa3aHaux cnococ5oB BBefleHaa wa;ioro napaiieT- 
pa no3Bo;iHeT npoBecia accjie.noBaHae nponje 'lew BTopofl cnocpC, ho 
oa nparoflOH tojuko jim bhcokhx opdai (b [2] paccMarpaBa^iacB op- 
cSaia c BacoTofl ~ 400 km). BTopofi cnocoC nparofleu jvm juoCofi op- 
<Jhth — B 03 M 0 XH 0 CTB ero npaMeHeHHfl onpene;iaeTCfl to^bko pacnpeae- 
JieaaeM wacc cnyTHHKa. JLiia 3HaaeHa0 napaMeipoB (5) Ooaee noffxo- 
nfflftBM HBJiHeTca BTopofl CDOcocJ, nosTOKj Haste npaBoaaTca BeKOTopae 
pesyaBTaTH [3] , noacHaEuiae aaHaMaKy pexaMa oaHoocHofi rpaBHTaua- 
OHHOfl opneHTatma cnjTHaKa b cajaae A«1 , 

BwecTO nepeMCHHHX BseaeM nepeMeHHHe 

=i2^ - SI ^sLnX , uf'^ = SI ^ sLfi ^ +Sl^a?s^(. 

BeaaaaflH Sl^ , Wj, ,uT 3 apeflCTaBJiamT co(5o0 oTHeceHHae k- ojo 
npoeKuaa aficoaoTHoft yraoBofi CKopocia cnyTHHKa Ha oca noaycBaaaH- 
HOB cacieMH KoopflaaaT, noayaaDmefica aa.cacTeMH OxfX^x^ npa 
)f = 0 . B HOBHx nepeMeHHHX ypaBHeHaa (3) aanacHEaBTca b Bane 




i = -1 fi 

cosys ’ r 

- 3sLnS'cosScosj& +},Rs, 
uy^ - i cos^S sin^cosp, + 


(6) 
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SflecB 

Rs = RiCosJf - R3 Sins', Rp = Rj^sinS + Rj toss’, 

= |x ( 5 ^ 2,523 ), 

Ri = (l-^)(^iSlji_ - Su^id}^) ~(f^ 2 -t-/^ 3 F)^iz f^iF^ii'^t , 


npa'ieM nepeweaBHe HOashh (Jhtb BHpaxeaH nepes hizyUf ^. 

Dpa \ =0, T.e. jyifl cnjTHHKa, fiecKOHe^iHO BUTflHjToro broab 
oca Ox^ , cacieMa (6) RonjcKaeT ccMeflcTBO qaciHHX pemeaafi, b 

KOTOPOM ' . 


S' = ^=urj= 0 , ur^ = Y, 

a y a Si^ onpeHeJiBDTCfl jpaBHeHaaMa 

y = Slf^ ~-^ 3 LnKcoi}f - (H) . 

f 0 nfU 4 , 

cos2y sl^n(coi^) li^irl<1. 


3 flecB 


GW = 


(7) 

( 8 ) 


CacTeMa ( 8 ) son^cKaet nepBuii .aaTerpan 

; ar 

k(X,ai) syCaJ +/tstrt‘'y; +^i'jG(y)c/y= const, 

c noMomBH} KOToporo dun nocTpoea ee ^asoBufl nopTpex (pac. 3). Ca- 
cTBMa (8) aueex CTaoaoHapBue peine aaa 


y=y^ « ^ , i 2 ^ = i? ; 
s= 4= 35T~iv ~ ^ 

y = ^ , 52 = <7 ; 
y = ^ , Si, = 0 . 


( 10 ) 


nepBue nsa as aax ^cToflqaBu, a ocTanBHue aejcToflqiiBu (cu. pac. 3). 

fiBHseaaa Bana (7) , (8) uosao BcnonBaoBatB b BaqecxBe aoua- 
aaaBBoro BeBoau^meBaoro sBaseBas decROBeqao Buraa^Toro cnjTBBKa 
B pesaue OAfloocaofi rpaBaradaoBBOfl opBeBTaaaa. B 3tou ABBseBaa 
6~0 , T.e. ocB Ox^ BBrnpamesa tohbo b aeaip Seauza. I^a 

X fO cacTeua (6) ae aueer pemeeafl (7), (8), OAsaRo, ecaa X-«<1, 
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TO B BBSe $Opuajl£HUX pHflOB BO CTeneHBU A UOEBO nOCTpOBTL ee 
BBTeipaoBHue noBepxBOCTB. CJussKne ceueflcTB; tbkbx pemeBBfl 
SBBseBiui, npBBannesaiQae atiui HBTerpanBBBH noBepxBocTBu, 

CHBTaTB BOMBBanBBUUB BeBOSU^ateBBBHB SBBseBilBMfl BHTflByTOTO CO^T- 
BHEB B pesHue osBoocaofl rpaBBTauflOBBOfi opaeBTaoBB. 

Jlnfl nocTpoeBBfl jicasaBBux BBTerpasBBux nosepxBOCTefi cnejiaeu 
BeKOTopue BcnouoraTejiBBue npeodpasoBaBtui. CjmecTByeT [3] saueBa 
nepeueBBia ' ' 

^ =fiCi>,a,). Sli=fz('P,cL) , (ID 

npBBOAHniaa CBCTeiQi (8) r BBsy 

<j> -CO(a), CL =£> (ui(a)>o) 

H yaoaneTBppBamaH ycaoBBjaj filV-*-23c,cL) sf^(<P,a) (mod 27r) , 
fi,C*P + 2.Jr,a)=f^(il/^a). 3t8 aauefla ctpobtca no-pasHOMy b KaKHpfl 
B3 ofiaaoTefl 1-7 jaaoBOfl mockoctb (!(CniocliJt), S2.^) (pac. 4). 

B o<5aacTB I fi(i>+23C,a.)’^ j-i(ip,a.) + 2JC , b o6saoTB II _ 
fi(<l>+2^,a.)=f/(9,a)-27r, b ofiaaoTax 111-7 

ABRCBpyeu OAHy bs odJiacteS 1-7 b cnexaeH b Hell saueay nepeuea- 
BHX (II) B ypaBBeBBKx (6). B pesyaBfaTe 3TB ypaBaeaBH npaiiyT. 

BBS 

^ ~CO^~^ > f 

= zj}^zir3i^p-3sinSeosifcos^ + ARs(f,a,S’,p,iir;i,urj,X), 

li^ = - - 3 COSTS' sinpcosp +XR^iij),a,S,p, A). 

QjifiOh Fi(^,a.,0,o.i.o)=F2(%a,o.o,i,o)=o ■ $yBi«HH Fi.F^.Rs.Rfi 
nepflOABaecRB aaBBoar or ^ c nepBOAOU zuc . 

Dpa X=o cflOTeMa (12) Bueer ceueflcTBO peoeBBfl 

«P = uj(a„)z+ «/'c , CL , r=ys ^ uTs = o , ut;^ =1 , (13) 

Sab nocTpoeBHB ^opuanBBHX pbaob BeoOzoAHUo, btoOu npasHe na- 
CTB ypaBBeflBfi ( 6 ) Ouab decEOBe?Bo AB^^epsBOBpyeBiuua. OAsaRO b 
AeflCTBBTeABBOCTB 8TB ^yBROBB TOABRO RyOO^BO PBaAKBe (cp. BHpa- 
EeBBB Ana Xi , t F ). IIo 8TOM>, CTpoa fopnaABBae paAU. dyASU 
OBBTaTB, aro bba opaBiaui aacrauB ypaBBeaBfl (6) npoBeAsaa onepa- 
OBa crAaEBBBBBa. 
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me CLo=taiit, . 3to ceiiefiOTBO oooTBeTCTBjeT oeneflCTB; 

peflieHflll (7). (8) cflCTeim (6). 

liHTerpaABH^ noB^ZHOcTB OBcreiiu (12), coBoaflaDniTD iQ>fl 
X a 0 c ceueficTBOM pemeBHfl (13). acKaTB b bhob 

f = uif,a.x) s ip + XUi(f,a) +A^Ug^(^,a)* •••. 

S^,(ip,a.,\)^ XS^ip^A) + X^S'g^(f,a)+ ■■■ , 


P =pM^A) = X^i(f,a) +A%(ip. a) + ■•■ , 

= 1 + Xitrzi(f,a)+ 

^3 ^v^3*(ip,a,X)s XtiTiilip^a.) + X^ur^(if^5.)+ - . 

3Beci. $yBiQflii u.K(ii.a,),v-K(gi.a) i.z.i,...') 

2..3r -nepeoAmecRfl saBBCBr ot ip : oepeiieBBiie ^ b a oi^eneiifl- 

OTCfl JipaBBeBflflUB 

$-‘P(a,X)B o)(a) + XPi (a.) ■hX*'Pi(a,) ^5j 

a =<3(a.A) a XQ<(a) +X*Qz(a)+ •• . 


BuucaHBHe paw dyneM paoctaaTpHBaTB bbx (piaiajiBBHe, T.e. Be fiy- 
neM saPoTBTBca o6 bx axonHuocTH. ' 

noscTaBBB PUSH (14), (15) b GBoreny (12) a npapaBBflB bh- 
paseBBB npa OAHsaKOBUx CTeaesax X b AeBofl a npaBOB aacrax no> 
a^aBiDBzca paaeBCTB, BaSneu' aeno'za; jpasBeBas naa ot^eneaeBaa 
Road^oaeBTOB avax panoB. Qpa HUoaBeBaa BepaaeBOTB 

kiu(oL) # , ku)(a) *Z Ck = 1,Z^ 3,...) (16) 


yaaaaBBaa aenoqaa aneer [3] ejiBBcrBeBBoe peoeBae, ZJC- nepaona- 
aecBoe no v a yaoBaeTBopBOBiee yoat^aaH 

2JT .ZX 

u^(f,£)d^=0, Jvic(f,S.)df‘0 a 3 ....). 



o . a 

UexBBinieoKafl cioica aepaBeacTB (16) cootobt b caenyBosa. 

I^a BapyrneBaa aepBofl ipyana BepaB8B0*B aneex necro pesoBBBO aes- 
ny JtBBBeaaea onytBaaa Bpipyr oca (7Xf a BoaeOaBBaaa . arofl ooa no 
yray S (b naocaocta op<Sara), npa aapyaeBaa Bxppofl ipynna ee- 
paBeacTB BOSBaaaeT pesosaac aeasy nsBaeBaea onyTBBBa Boq>yr 
ocaOxyB KoaeOaBBaaa btoB oca no yray^ (b oaocaocTa, nepnes* 
KBKyaapBofl b naocaooxa opOaTa). 
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^ FMomotphu ypaBBSHHfl (15). Hafl6oju>mHS UBiepec b 3 bbx open- 
CTfiBiaeT BTopoe ypasBeBBe, onucaBmajee naueBeaee aepeueaBoff a . 
Jlflfl BCCJieBOBaBBB BTOrO ^BBeBBfl B0Cn0JU>3yeUCB C00TH01DeBBeU.(4). 
BOTopoe npeACTaBHu b Base 

E •= . (17) 

SsecB 

^ = f[(^x~cosp)eosS -U*j sUipsinSj =-Fd.n , 
opmeu npoasBosHaa BimcseBa b cbb^ cbctcuu ( 6). llycTB 

-rpesy jihrat noscTaBOBKB paiAOB (14 ) b BupaseBaa 
flnfl E a<P . Torsa BoaescTBae (17) 

OB,/dii}P +(d£^/ 3&)0 = 


7cpeABBU o(5e 'lacTa aioro paseacTBa no 7 . Onepanao jcpesBeBaa 
($7sau o(So3Ba'iaTB jrAOBHua CKOiSRaiia < . > . HocROJiBiq^ <d£^/ 3 ipy^o, 
Hueea 


<af*/aa > Q = A/tts <^*> . 


HecnosBaa wntuflTpM npasonax k cooTBomeBas ' 

f # ivA) * * Xkt,(a) -h O(X^), 

rse k. 0 .(a.) - pesjABTax noncraBOBKa b (9) BapaseBafl (II). Oxcosa 

<s£.rti> . A[3fc.W/£a] * Oa ^) . 

ABajias aBxerpaJua (9) noKasHsaex, ^o npa Bcex nonj^cxauHz c[ bu- 
noABeao BepaBeBcxBo . UoaxoMy 

<»#»*> 

Of*/aa> < 9 /i^/ 9 a.> 


Q(d,X) 


(1+OM). 


IIojiijaeBBaa $opiQfAa nosBOjiHex accAesoBaxB bboadubo S. . 

Egjiz xo Q(d.\)sO. B 9XOU CAjaae dL-con.it, a pasH 

(14), (15) sasasx nepaoniraecBae pemeana c nepaonou T = 

Pemeaae 9 (v),aL(T),Str),p(r)....,Wi(T) cacxenH (12) uysea aasHsaxB 
nepaoABHecKBM, ecaa cymecxsyex xaRoe aaoAO T"^o (aepaos), 
•Hr*T)^f(i:)-hZ3r, a(x+r) = aCc), S(t+T) -S(t), pCc+r) . , 

wj(r-fr)=w^(x:) npa Bcex "C . 7 cooiBexcxsyDBiero nepaosa’ieoKoro per 
loeBaa cacxeMB (6) A/(r*7')«i2/fr) a b saBacaiocxa ox oCaboxb b . 
OAOcKocxa ( ,SLi), b Eoxopofl OABsaBa saueaa ntpeiieBBHX (II), 
BBHOABeBo OSBO H8 paBeBOTB -f-T) “ifc) i- Z 3 I (oCxacxB I), 7 (t*T)= 

2T(r)-25r (ofiaacxB II), y(r+-r) = yfr) (ofiAaoxa 1,17,7). 

Moarao flOKMaxB [3] , nxo npa jXj *0 h Aocxaxomo mbaom |X|. 
PHAH (14) I (IS) oxoAfixca. 



IS 


= Z 3 r/P(a,K) . Tanae nepaonaHecKae penieHHfl 6 wia HCCjiejioBaHH 
HacjieHHo B [ 8 ] . Dpauepu stbx pemeBafi npaBe.neHH aa pac. 5-7. 
SAecB jyisi Kasnoro pemeHaa ^/tcasaHa rpa^aKa $yfiKaaa }S(x),S(t), 
p(t),ii,(r),JoiCT), 2 <r 3 (r) npa o^tiT , yKasaas HaaaaBBHe yanoBaa 
a n^paoA T , a Taxse npaBenea uaKcauajiBHHa yroa 6 m Messy 
OCHD OXf 0 MecTHofl BepTaKSJiiBD. 3 tot yroa Haxoj^aacH no ^ops^yse 
6m = oAMos[cosS(r)eosfi(T)J . Bee yKasaaHHe pemeaHa ycToliaa- 

BH. Pacyaica 5-7 aaaocii-apyDT odocaoBaaayE) b [3l bosmoshoctb 
acnoflBaoBaaaa ABHseaaa cnyiaaKa (14), (15) npa ^^ 3=0 b Kaae- 
CTB6 BomaajihHboc HewBuymeHHux sBaseaaa Mjm pesaua rpaBaTaoaoa- 
aoQ opaeaTauaa. 

Ecaa ^ 3 #o , to b o(5meM cayaae a 0 pemeaaa (14), (15) 
ae aBnaDTca nepaoiyiqecKaMa. Kaa noKaeajia aacjieaHue pacaeTH [3L 
BeaaHaaa <<$>•> BecBMa Maaa npa BHnoaaeaaa ycaoBafi (16) a mo- 
seT npaaaMaTB saMeTHue aaaaeaaa b cay’iae aapymeaaa atax ycaoBBfl. 
Ecaa B HaHaaBauii MoueaT ABaseaaa ycaosaa (16) SHDOsaeaH (peso- 
Haaoa a cacreMe aer), to penreaae (14), (15) b Teaeane npofloa- 
saTeaBHoro npoMesyTsa BpeMeaa (ae Meaee 7 cyi ) dyflei Cabsko k 
cooTBeTCTByomeMy nepaoKaaecKOMy pemeHaD, nosyaaewoMy 03 (14), 

(15) npa p.jsO . £ca 0 se npa Ha'iasBaoM saaseaaa a. ycaonaa 

(16) BapymeHU (pesoBaac ecTB), to bobmosho aoboabbo OucTpoe bo 3- 
pacTaaae aMonaTyAH KOAedaenfl cnyTHBKa no yrjiau S a ^ , T.e. 
paspymeaae ABaseaaa (14), (15) a Bapymeaae pesaua ppaBaTaoaoa- 
Hofi opaeaiaiiBa. Do-BBABMOMy, npa /^ 3 *o aaTerpajiBHaa nonepx- 
hoctb.(I4), (15) BeycTofiABBa. Mexaaasu aeycTofl^BOCia coctobt 

B cAeAyKjqeM. JiBaseaae, npaaaAAesaiyee aaTeipsABBOiS noBepxaocTa 
(14), (15), MeAAeaao sBOxnaaoHapyeT a c xe'ieBaeu speMeaa uosex 
daTB saTHayTO b aeycTOiMaBHi! pesoaaac. Eona aa^aABHue ycAOBaa 
ABaseaaa Aasesa ot pesoaaHca, to Epeua TaRo2 3BOAE)uaa dynex 
OHeuB doABinaM. noaxouy aepesoBaacaue SBaseBaa uosao acnoABSo- 
BaxB B Ka^ecTBe HOMBHaABaux aeBOSuyoieaHux ABBseaafl cnyxaaKa b 
pesaue rpasaTanaoBBofl opaeaxanaa aa npaeuseuax ahh npaKxaAe- 
CKax aeAeH aaxepBaAax Bpeueaa. 

4. OnoeneAeaae napaMexpoe nsaaeaaa cpyTaaica b pesaMe rna - 
BaxauaoHHOfl opaeaxagaa no peavABTaxaM asMeDeaafl. B aa^aae npa- 
Meaeaaa pesaua rpaBaTanaoBBOfi opaeaxaiiaa b ^spase 1978 r. 
P.U.I^eAKO BunoABBA xpa pasa asuepeaai! napauexpoB ABaseaaa 
cnyxHBRa. Ssa pans asuepeaafl dma BunoABeau bo Bpeua pesaua rpa- 
BaxaaaoaHoa opaeaxaaaa a oAaa pas — bo ipeua CBOdosaoro (aeopa- 
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eHTHpoBaHHoro) flB0seH£fl. H3«ep»iHCB aficoffioTHaa yraoBaa CKopocTB 
cnjTHHKa ( Wf , o> 2 , .W}) B yraH od a y , sanammae noaoseiuie cnyi- 
H0Ka oTaocHTejiBHO ropaaoHTa. SHaaenafl Ct)^ ,a)^ ,ct >3 caHTHBaaacB 
c HB^OBoro flHnHKaropa yrnoBoS CKopocia, yr/m ec a f Bsuepsuiach 
c DouoiqbH) mapoKoyroaBBoro Baanpa. Baanp CKOHCTpyapoBaH a ycTa- 
HOBnefl TaKBM ocSpaaoM, qio aanpaBnaDiuae KocaHycH d3i,a.3z,0'3i, 
sanamniae no/ioaeHae oca OX3 b cacTewe KoopnaHaT Ox^x^xs , bh- 
pasaDTca qepea aia yrjiH c noMoiuBO $opMya 

(X.3J = CCSd.COS((p-<ff)) ^ 0.^2 ^ , 0.n = iinoLCOS(<f-lfg) . 

SflecB <po=ctM:u>s[iij/(itj+H)], R^ - paflHyc Seium, H - Biicora opdara 
cnyTHaKa, a npeftnoaaraeTCH, qio ocb Ox^ HanpaBJieHa b CTopoay 
nepexoRHoro oTceKa cTaHUaa "&xk)t 6". SHa^eHaio = 340 km co- 
OTBeTCTByeT = 18.3°. 

PeayxBTaTH nepBoro pfl^a aaMepeaaa, oTHOcamerocB k pexaMy 
rpaBaTatuioHHofl opaeBTapaa, npaBeaeHu b TaCxape I. 

TaPxaua I 


N 

X 


CO1 

(rpaVo) 

(rpaa/c) 

(W) 

<i>J 

(rpa«/c) 

(rpap) 

(Iran) 

I 

12^ 

00 

-0.135 

Mi 

0.075 

196 

15 

2 

12 

10 

-0.125 


-0.026 

178 

8 

3 

12 

20 

-0.120 

-0.003 

-0.075 

183 

30 

4 

12 

30 

-0.130 

0.038 

-0.029 

188 

13 

5 

12 

35 

-0.145 

0.045 

-0.007 

182 

15 

6 

13 

21 

-0.140 

0.047 

0.026 

184 

8 

7 

13 

33 

-0.135 

-0.022 

0.031 

187 

8 

8 

13 

42 

-0.II5 

-0.038 

-0.036 

186 

2 

^9 

13 

50 

-O.II5 

0.017 

-0.085 

182 

7 

10 

14 

00 

-0.125 

0.080 

-0.041 

185 

12 


B 3T0{! Tac3;iHue N — HOMep aaMepeHafl; 

— aaNiepeHHHe b mom6HT EpeMeBa . SBaHeBaa Bexanaa 

OOpacSoTKa nepBoro pnna aaMepeaafl npoBonaaaOB RsyMB -cnoco- 
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6am — uetojuM Ba 2 ueai>iiiBx Ksa^paTOB a ueToflOM uaKcaujua qpas- 
flonoflo6aa. PaccMOTpHM nepsHfl cnoco<5. IIye*£ ,SCx), 

pC^).iiTz(r). hrj(z) - pemeaae cacTesau (6) c m^ajihaam yoaoBaaMH 
i(0)^}fc, Sli(O)^ S1 10, S(0) -Bo. p (O) =po . ttTz (0) - liTzo , (0) = . 


OocTpoau ^yasoaoBaB 


(18) 


rro pi>o pi + — +ps = ^, 


ii2(r)=z«Jifr)«os2Yrj+2<i5fr)sirt iVr), a3(r)=-iti£(rjsirtiffr)+^(r)«?s8'frj , 
sinS(T)eos lf<v) + cosS(t)sui/i(T)sin B(x) 
cos S(x)cosptc) 

' -cuuUn.l~sLaS(r)$inif(T)+cosSCt:)&inp(t)eosB(x)^, 

Xf/°u}o(tM~ti'), Sij*'^ = (J^ UZ.i-.N’^ 1 io) . 

B ueTone aaaueai>iiua KBaspaTOB oapenejieBiie napaueTpoB cacTeuu 
(6) a Ha^aoBBux yaaoBafi sBaseaafi cboabtch k Maaauasaaaa no 
\,p.,y.ufZz ,/03 .}/o,Slio,Bo,po,^ac ,i<r3(, . nocKCUiiKy saa^ie- 
aaa uoueaTos aaepnaa cnyTHHRa assecTHu noBOBBBo to'ibo, npa on- 
peneaeaBH nun4‘ napasieipH A a yi4 Cyneu cvnarh $HKcapo- 
saaBHua: A a 0.0535, ^ = 0.0697 (cm. (5)). Kan noKasHBaoT 
oneHKB n.2, /is//^ 3 .» O.if . iQpoHe Toro, napaMeipu pti a jos 
"cajiBBO saBBsaBH uessy coOofl" a Maao BsaaB>r aa SBaseaae cnyTaa- 
Ka B ypaBaeaaB (6 ) obh bkojvit b RO£K5aBaaaB A (^2 
OosTOMy npa odpaOoTRe pesynBTaxoB asMepeaafl nonosaH pti~o. 
HraK, onpeneneflas) noflaesar BOCeuB napaMeipoB fJLi.joz , lfo,S2io, 
do tPofidiOiiiTjo . Beca pi,-.. Ps b ^pMyae (18) onenyeT BsarB 06- 
paTBo nponopaaoaajuBBHlUAHcnepciuQi onadoK asMepeaat! B&niraaB 
{»>1 ,(Oz ,U>i , oL , <f OOOTBeTCTBeBBO OnBaXO.nOCKOBBBy OTBO- 

nonaraeH, <1x0 omadRa asMepeaafl Bejoa^a , oc a paeaa- 

sacaMH a pacnpesejneaH no aopMajiBaoHy aaRoay c ayJieBuM cpesaaii 
BBaveaBeM. )Iaonepcaa omadOE asHepeaafl oahoS a xo8 xe eeamBm b 
pasBHe HOMeatu EpeHeaa pasaH. 


oI(t)sJ€+ OJut^ 


I 
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meHHfl 3 THX flticnepcHfl HeasBecTHH, noaosHU pi =••• =Ps = . 

nOJ9CK 4> IQ30B0AIUIC8 B SBB 378118. Ha nepBOU 3T8- 

ne onpeiieJUUUicB 6m3zze 3KCTpeM8ABBUM SHaneHiiH napaueipoB'^o , 
Slio ^ pi ' Ha BTopoM 3Tane npoBOAanacB noBBaa HUHBmsaiiHH. 
UexecoodpasBocTB xasoro nomcona ofijcnoBneBa Teu, ^ito ssaseBBe 
cn^TBBRa B pesBMe rpsEBTaciBOBBoi) opiieBTaqBB iipencTaBiLaeT co- 
dofl nBBseBBe b oi^ecTBOCTB BBTerpaxBBOS noBepxBOCTB, nocTpoea- 
Bofl B n.3. Ha 3T0fi noBepxaocTB b HyneBOM npjaCxBBeBBB , 

S2. Sli_ = cosX(r) , Si -3 Sin'S (Z) . of =JT, 

rue ^(t),S2^(z:) - pemeaae cacTeMu (8). Taaoe pemeHne sanaeTca 
napaifeTpauH ,Si^cHpi , (ioxee qpyriix napauerpoB, Bjuummax 
aa sBBaeBBe cnyTBHKa b pezBHe rpaBBTaivoBBOfl opaeBTaaiiB. IIosto- 
My HUH iiiyfioro onpeRexeaafl 3K0Tpetjaxi.aHX SHaHeaHlJ 
BuecTO $yBKmioBana (18) uoxho MBBBMBsapoBaTB $yBKaaoBaji 

me F(r), ilyfr) - pemeBae cacTeuH (18) c Ba^axiaioiB yonoBBaua 
^(0)=}So,^l(0)=Slto . Sofl BUHBCAeBflfl BeodXOABUO BBTeipa- 

POB8TB cacTeuy Btoporo nopaj(Ka> Toma k 8K siruicjieBBe <P Tpedyex 
BBTeipapoBaBHA cBCTeKH mecToro nopflflRa. CnewBaTeuBBo, apensa- 
pBtexBBoe rpyOoe onpeseneBae 3BCTpeuanBBux SBaneBaD 
C nOUOiqbD MBBBMHSamiB 3KOHOUBT UaiDBBBOe BpeMS. 

HflBBHBsaoJui npoBOSBaacB ueTOAOU cay^afiBoro noacRa a 

A8xa CAeiiyoaiae pesyxBTaTH: 

* 0.0274, y,= 4.392, -2.267, 0.930. (19) 

Ana npoBepRB npoBeAsaBnx paineTOB sEnacAanocB pemeflae cacTeuu 
(6) npa Xo tSlio a , onpeABAeBBBZ cooTBomeHBHua (19), a S^= 

iyaiawfi cui(t). co^(t),C 03 (t) 

B 3T0M pemeBaa aaoOpaseBH caaoiDBBua ABBaaMa aa pac. 8 , SBesAO'i- 
xaBiB aa tou se pacyaae yRasaaH pesyaBTam flsuepeaal]. Kaa bbabo 
as pacyasa, yse pemeBaaiiB cacTeuH ( 8 ) uosao xa'iecTBeBBO sepao 
aoiipoKcaMapoBaTB asuepeaaa ymoBofl caopocTa. 

Ma pBuaBaqiia <p ao Bceu napaueTpaM iQioBOABJiacB ustoaou 
P oseaOpoBa. B aaHanBBOfl TO^e noacKa SBa^ieBaa Xp , Q-m > pi 
OpaaaoB b bbab U9) b nonaraaoci So=po=^u~‘f'’^o~Pz 
UBBBUBsaoaH Aaaa caeA^mae pesyaBraxH: 
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^ = 0.006. 4.4107, -2.2319, -0.1^65, 

* -0.20897, = I.I5688, UTu - -0.13300, /*,= 0.6IS77, 

0.70384. (20) 

flui oaeBKH ToqHocra AOCTBseBafl aRcrpeHyie a ooeaica BaBaaaa 
aapajieipoB S aa Bana^aay 4> b oapecraocTa bk- 
cipeuyua b roRRe (20) shmcjuuiBCb npoasBonaue 

Sa^peaaapoBaBae npoBOJtajiocB RacjieHBO, 

UAH annpoRcaieaoaa npoasBosHux acnoABSoBaJiBCB CHBuetpaRHae ,pasao- 
cTa. Euao aafineao 


|^= -O.OOOS. ^^^.0,0018, 

^=-a 0006 . |±=-O.OOf 8 .^=-A 88 A», ^^..C.0001. ( 21 ) 

nepeBpecTaue Btopae iq>oa3B0ABue jm brorombb uecra npasonatB ae 
Ojqsu. 7RaoeM Toauto, rtp b cbaj noaosaTeABBoB oopeaeaeBaocTB 
uaTpaiiu BTopua npoBSBoaaax b torrs taaBBU^ie naa aaa CDpaBeaaas 
oaeaica 

IW^'IWU p.). 


9pz 


OpoasBoaBiie BaxoRBaacB npa paaBus aBaReaaHX isaroB AB^Kepeatupo- 
BaBBB. ConocTaBAeaBe DOAyReaaux pes^^aBTatOB nosBoaaeT 3 aKBO<iBT&, 
BTo onapRa b bz BtraacaeaBa cocraBBaer jflOjt. 

BeaaHBBa 3^4>/^^xapaKTepa3yeT tobboctb on^aenewtH oapaneT- 
pa p B npooecce luiaauBsauBa ^ Poabob ten Toaaee 

aafiaeBO aRCTpeuaai>BOo aBaaeaae p * • C^BBeaae BeaaHBB (21) 

OaeBRa torboctb onpeaeaeaBH napanetpoB )/o Moset Ohtb nP- 

aa c noBoioEa) RoppeBauaoaBOfl MaTpaos aTBz BeaaaBB. B paMRax ikto- 
aa aaBiieBaiiiaz RBaaparoB.Taaaa icTpaqa DpadBaaBTeaBBO pasaa 
^<^.Ke • SaecB = min<p^ X,-iB^aaB« oOieTBafl «aquae 
BTopuz opoasBonaux ^yBBuaa 4^ b torrb HaaaiQaB. 6 caay ee- 
TO^Boro oiqxaeaeBBa BTopaz apoasBosaux ^aiauia 4 > ■ OoABaoro 
paaOpoca ax SBaReaafi no nopaaK; BeaRaaBa aanaBBoa Bmacaeue K« 
cBasaao o 6 oa&nBMB tpjaaocTBiiB a dobtoio aa opoBonaaocB. 
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noKasHBaei, hto Haa6ojiee to^iho HaaneHo i saiew f^i. S'g , 
p>o . "^io , 3aT6M — Ho , a, HaKOHeu, HaaMenee to^ho onpene- 
;ieHO jU- 2 . 

Ha pac. 9 cn;iomHUMa mmsim asofipaKean rpajana $yHKuaa 
ci.it) -120°, f(t) , eCt) ,u>i(t),aj2(t).co3(t) MR pemeHBH cacTeMu (6) c 
napaMeipaMa (20). SBeano^KaMa aa tom xe pacyaKe yKasaan pesynB- 
T8TH asMepeaafi (SBesaoHKa pa^OM c rpaJaaoM cbyHKuaa G(t) yaasu- 
BaioT aaaaeaaa yrJia 6 , BaancaeaBHe no aaMepeaaHM yraoB d a V )• 
Kaa Banao as pacyaKa, Haaaeaaoe peflieaae xoponio annpoKcaMapyeT 
pesyaBTaTH asMepeaaJl. KoaaaecTBeaayro oueaKy KaaecTsa annpoKcaMa- 
naa Moxao nonynaTB, oueaaBaa nacnepcaa rf/, omadOK as- 

Mepeaafi Benaqaa i^i ,^3 , a f . JbiR siax flacnepcai! aMsioT 
MecTO oaeaaa: U =1,.:-.S) . ~Q tomkc (20) 

S^= 0.095 (0.0063 rpan/c), ' S 2 _~ 0.09 (0.0060 rpafl/c),. 

Si= 0.069 (0.0046 rpan/c).- S, = 0.05 (2.88°), 

Ss= 0.064 (3.64°) . 

Tohhoctb noKasaaafi aaflanaTopa yrjiOBOI5 CKopocta cocTaBnaeT 
s; 0.002 rpaiv^c, tomboctb onpejte/ieaaa yraoB c noMoioBio mapoKO- 
yroaBaoro aasapa - 5: 2°. TaKaii odpasoM, noayxeaaae oueana nac- 
nepcaiS b aecKo>iBKO pas npesaniaEiT ooiadKa asMepareaBaux npadopoB. 
3 tot $3kt moxho odBflcaaTB norpeaiaocTBK) ypaBaeaaa (6), a Tarese 
T6M, qio $aKTaaecKafl toxboctb asMepeaaa 6uJia xyxe TonaocTa npa- 
dopoB. npBBeneM npawep. HsMepeaaa a sanacB inecTa Beaanaa — t , 
u)f, ,C0j , oC a B ycaoBaax aeBscoMocTa rpedyei OKoao 
I Maa. EpeMeaa. B pemeBaa c napaMeipaMa (20) NiaKcawaaBaHe asMe- 
Beaafl Bejiaxaa to^ , <^z sa I Maa. cocTaanaioT 

AW^ » 0.003 rpafl/c, AW^a/sciJjaO.OOS rpaiv^c, Aot V’~ 2.6®. 

Cae noBaTeaBHo", ToaBKO sa cxei onjadKa b npaBasae asMepeaafl ko ^>e~ 
Meaa moxho noay^aTB norpeiiiaocTB, npeBumaiouu® norpeoiaocTB npado- 
POB. 

IIoc.iie Toro, Kaa noayxeaa oueaKa aacnepcaB omadOK asMepeaai}, 
MOXHO noaoxaTB b (18) = SjyCsfV..^s/)(t='/,...,5) a noBTopaiB Ma- 

aaMasauara 4> eiue pas a t.h. B pesyaBraTe Taxoro aTepauaoHHoro 
opouecca moxho Toaaee oueaaTB napaMeTpa hom sto du- 

ao CHe;iaHO Bume. IIpaBaaBHee oflaaKO b cayaae aeasBecTHHx .nacnej)- 
caB BOcnoaBSOBaTBCH ^yia oueaKa mbtohom 

MaKcaMyMa npaBHODonodan. Coraacao sTOMy Mexony onpeneaeaae na- 
paMexpoB ^ nacnepcaB CBonaxca k MaHHMasaaaa 


I 
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fjHKiwoHajia 

<#>'=Z +^a-/) (22) 

L = 1 

no oiieHnsaeMuM Bejut^nHaM. 

Caa'iajia npoaeneM HacTauHso tuiHaMnaauHio no Pemaa 

ypaBHeana , hoxoahm ° C^ = i, ... , s) . sra co- 

oTHomeHHa iiaoT nsBecTHHe oueaKB jyw flncnepcfl2. noflCTaBnas ax b 
(22) B oTfipacHBaa b noayqeHHOM EwpaseHaa HecymecTBeHHjio aflaaTHB- 
HjK) nocTOHHHyK), BOByaaeM 

<p'=zen.st. 

i’=1 

TenepB onpeaexeaae ^ 0 ,... ,yu.a CBeaeHO k MBHBMaaaufla stf, . Dokck 
min<p^ npoBoaaacH MeioaoM PoaeaCpoKa «3 HaqaatHoa to^kh 
(20). MaHBMaaanaa aaJia caeayBiuae peayaBTam 

4>,'= -26.64, yc= 4.3989, i2,o= -2.2326, S'c = -0.16769, 

= -0,20092, 'i^zo = I. II824, = -0.18253, (23) 

0.60442, yM- 2 , = 0.25724, S^= 0.096 (0.0064 rpaft/c), 

Sj^= 0.II3 ( 0.0075 rpaja/c), 5^= 0.1077 ( 0.0051 rpaft/c), 

S^= 0.035 (1,98°), Sj = 0.057 ( 3.25°), 




3<t>^ 

BSlio 


B<p'i 
3 So 

0.003, 

i±i 

3/8o “ 

o.oso. 

9«^; 

^^io' 

-0,3V, 

3^1 

o.zo. 

34>i 

^Pz~ 

-o.ooii , 


= vsoo. 

3^i 

= ^80, 


= 8^0 , 



3gi 





= ^00. 


= 1100, 

M1±L 

= G?. 








SnecB TOHHOCTB BHHHCJieHiia npoHSBOflHHx Ta ae, aro n b (21). 

CpaBHeHae pesyatTaTOB nepBoro z BToporo cnocoOoB ofipatfOT- 
KH BSMepeHHfi noKaauBaeT, aTO oc5a cnocoPa naioT npauepao onanaKO- 
BH6 3HaaeHiIfl napaMSTpOB y#, ^e,^o, Itfzo , ttTiB , f4-1. 

SaaaeHfla /iz. OMHaaoTCH npHPaasaTeaBHO b rpii paaa. QpaBaH- 
TexBHaa ToaHOCTB onpeneneana napausTpoB (oueBBsaeuaa npoasBon- 
HHMa a*4»/3p^H , p - Tasse npauepfio oaHHaKOffl. 

Bo BTopou cnocoPe sa caei aeROioporo yseJiBaeBaa oaeaoK aacnep- 
oafl S*. Sx , s/ Puan yueaBaeau s* a . PemeHae cacTeuu 
(6) c napaHeTpatiB (23) npaseaeBO aa pac. 10. AaajiBs rpBO>KOB 
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Ha pac. 9,10 a cooTBeTCTByoiiuix seaHHBH s^,...,Sy noKaauBaeT, hto 
pemeHHB ypaBHeaiifi (6) nosBOflflDT robojibho tohho annpoKCHMHpoBaTt 
peayyiBTaTH aaMepeHHfl, jKaaaHHHe b TadJiaue I. PemeaHH, Hcno;ii.- 
ayewHe ww annpoKCHMaiwa, dmam pemeHHBM aa HHTerpa;ii>HOM no- 
EepxHOCTH (14), (15) B od;iacT0 U. 

5. OHemta ToqHociH MaTewaTHaecKOfl Monana Ha dOALmoM HHTeo - 
Bajie BPeMeHH. B n.4 rpa$ 0 aecKaH oueHKa cornacHH npHHHTOi! waie- 
uaxHHecKofi mnem (^paBHesafl (6) ) c pea^jiLTaTaMii HSuepeHaii npo- 
BOWnacB c nououtBK) pac. 9,10. ilpyroli doAee apocxoit, ho rpydai! 
rpa$aqecK 0 a iq)HTepH{} corjiacaa sammaeTCSi b cjiBayromeM. Ha $aao- 
BOM nopipeie cacTeMH (8) a BeagoaKaMa HaneceM Toa Ka ( . 

IWB KOTOPHX CO s y = 52^’/ /fi Sin }( SI , 

a BeaaaaHH npeflCTaBnaoT codofl peayiitTam aa- 

MepeHHi! , OTfleceHHHe kcoo- Ecxa aBeanoHKa 

fiyayr pacno/iararBcfl bbo/ib rpacKTopafl cacTeMU (8), to cor/racae 
xopomee; b hpothbhom cjiyTOe — naoxoe . Taxofi KpaTepafl ocHOBaa Ha 
noHHTKe annpoKCHMHpoBaTB aaMepeHafl BEHEeHaa- 

MH BHBB (7), (8). PeayBBTai npHMeHeaHH aioro KpaiepaH k .naHHUM 
xadB. I npaBeseH aa pac. II. Kaa Banao aa pacyHaa, corAacae pac- 
CMaxpaBaeuHX iiaanax c BBaxeaaHMa (7), (8) xopomee. 

7B0dCTEO DoewioxeHHoro KpaxepaH corAacaa coctoht b tom, hto 
BAH ero npHMeHeaaH He aaBO npoBOBaTB rpouoaBKax pacHexoB, cbh- 
aaHHHx c Maaaiiaaauaefl ^HKuaoHaxoB no aeaaBecTHuM napaMexpau 
BBaxeaBH. C nouoioBD axoro KpaxepaH hoxho oBaaaKOBO npocxo ouenaxL 
peayABxaxu aauepeaafi, BunoAaeHHux kbk aa KopoTxax, xaa a aa aahh- 
aux aaxepBaxax Bpeueaa. 

PaccuoTpaM npaueaeaae ynpomeHHoro rpa$aqecKoro KpaxepaH ko 
BxopoMy pHBy aaMepeaHfl, npoBeaeaHHx P.M.I^eHKO b pexHwe rpasaxa- 
naoHHOtl opaeaxauaa. PeayABxaxu axoro pnaa aauepeaaii cseBeau b 
xadAHoy 2. Ecaa b nepsoM pnay aaMepeaHH npoBOBHAHCB npawepao ne- 
pea 10 MHH. (aa acKAOHeaaeu Bpeueaa, Roraa cnyxaaK naxoBaacH b 
xeaa Seuaa) a oxBaxasana BByxHacoBofl aHxepBaji Bpeueaa, xo bo 
Bxopou pHBy aauepeaan npoBOBaxacB aecKOABKO paa b cyxRa a oxBa- 
THBaxa aaxepBaA flnaaofl 3.5 cyx. CooTBexcTBysoiBae Bxopouy pnay aa- 
uepeaafl •sonm Ha $aaoBOM nopxpexe caoxeMH (8) 

npaseBeau aa pac. 12. Ha axou pacyaxe phbou c KaxBOfl xoHKoa yaa- 
aaH ee nopHBKOBufi aouep N . Kbk saBao aa pac. 12, xohkh 

B nnocKocxa (yCmodBir),a()pacnojiaraii)XCH xaoTHHecKH , xo- 
Tfl TOHaocxB rpeBaxaoaoaaofl opaeBxauaa b xe^ieBae paocuaxpaBaeuo- 
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TacSjuaaa 2 



^IN) 

,.W 

CO, 


^3 

(tfva^lc) 


(p(^) 

SM 

N 

cyTKa 

^acu, 

Niaa. 

(-lyiad/c) 

(yuiii/c) 


(i/iad) 

I 

15.02.78 

21^00"* 

-0.002 

0.004 

-0.065 

ISO 

15 

3.3 

2 

16.02.78 

09 33 

0.075 

0.034 

0.044 

179 

15 

3.4 

3 

^ II 

II II 

-0.016 

0.053 

-0.028 

182 

18 

2.0 

4 

^ ■ It 

12 33 

-0.032 

-0.013 

-0.060 

179.5 

15 

3.3 

5 

— ^ 

13 54 

-0.047 

-0.059 

-0.005 

177 

I& 

4.5 

6 

n 

16 63 

-0.051 

0.047 

0.032 

180 

18 

0.3 

7 

- " - 

22 00 

-0.145 

0.009 

-0.070 

170 

10 

13.0 

8 

17.02.78 

00 22 

-0.165 

0.048 

-0.038 

178 

15 

3.9 

9 

• ” — 

14 12 

-0.175 

-0.038 

0.038 

183 

8 

10.7 

10 


16 II 

-0,170 

0.016 

-0.065 

187 

13 

8.8 

II 

— -p 

17 29 

-0.165 

0.060 

0.021 

183 

30 

12. 1 

12 


19 03 

-0.165 

-0.055 

-0.025 

I8I 

3 

15.3 

13 

18,02.78 

01 16 

-0.145 

-0.008 

-0.055 

167 

13 

14.0 

14 

^ 

10 II 

-0.135 

-0.035 

-0.050 

165 

23 

6.8 

15 


10 19 

-0.135 

0.015 

-0.070 

190 

12 

II. 8 

16 


10 26 

-0.145 

0.060 

-0.030 

180 

17 

1.3 

17 

^ It ^ 

10 32 

-0.165 

0.052 

0.034 

186 

23 

7.6 

18 

18.02.78 

23 59 

-0.070 

-0.051 

0.024 

188 

3 

,17.2 

19 

19.02.78 

09 10 

0.055 

-0.048 

-0.046 

180 

18 

0.3 

20 

^ It ^ 

10 39 

0.060 

-0.032 

-0.053 

I9I 
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II. 3 


ro npouesyTKa speueaii 6uJ)a sobo;ibho bucokoA. IlocuiesBee yTBepsne- 
HHe cnenyeT as aeaflasa Be;iaHHH , BHaaaneHHHX no pesyatTa- 
Tau asHepeHBfl yrsoB oi a <p a npaseneaHux b oocnenaeH CTOAfine 
TafiaauH 2. > fv) 

HecorflaooBaaaooTB to^jck ("y ,■^2/ ) aa pao. 12 c Tpaewro- 

paaHa cacTeua (8) mosbo opBacaatB aeAOCTaTo^ofi tohboctbe) ypas- 
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HeHag (6) flflH oDHcaiuiH jsjmniemsi cnjTHKKa aa HHTepaaflax speMeaH 
nopHHKa aecKoatKHx cyioK a, no-BBflHMOMS, b nepB^m oaepeHB tsm, 
qio B 3T0X ypaBaeaaax ae yH0THBaeTCfl-Epameaae cojiaeaaHX daiapea 
BCflea 3a CoaaaeM. KpoMC Toro TO^Ka secBMa 6m3«a k 

aeycTO0TiHBOMy no;iOKeHHK) paBHOBecaa cacTeMH (8) (cp. ( 10 ) ) S' = 

= J€/z,Sl^=0. Ho 03 , otiiiiHx coo6pasea0a 0 pacqeiOB [2,4'\Hcao, hto 
03 Bcex pemeHaS ypaBaeaaS (6) c aanajiBaHMa yMOBaaiaa «'(<?) = Jf,,, 
Sli(o)=siio, S'(o)=p(o) = ur;i(o)-l=‘ur^(o)=o aMeaao peineHaa, flos koto- 
pHX i(o a ^ 10 Jiesai b OKpecTHocia to’?k 0 = :jt/z , Si^ = 0 , 
(SynyT aaaiSojee 'lyBCTBaTejiBHH k BOBMymeaaaw aiax ypaBaeaaa. Ta- 
K0M obpasoM, caTyaaHB, BO3H0KniaB npa oaeane To^aocra ypaBaeaafi 
(6) c noMOioBK) BToporo pajia asMepeaafi HBaaeTca aaaxyfljnea. 

B n. 4 no peayjiBTaTaM BawepeHafi onpeneJUMocB BpamarejiBHoe 
..nBHKeaae cnyTaaKa, cSiiaaKoe RBaKeaaB aa BHieipajiBHofl nosepxHocTa 
(14), (.15) B o6jiacT0 II. npa KocTaTonao fiojitmax saaneaaHx lii^l 
ToaaocTB onncaaafl ypaBaeaaKMa (6) Tanax HBaseaaS 0 aaaBoraaaux 
,ilB0seHH{! B o<3;iacT0 I hobojibho cjiabo samcat ot Boawymeaafi 3 tbx • 
ypaBaeaai!, aanpaMep, ot Toro, y^aTtiBaeTCfl Jia b aax Bpameaae coin- 
aeaHHX OaTapefi 0/10 H6 t. 3to CBAsaao c ycpeflHeaaeM BOSMymeaaa no 
BpameaBK) cnyTaaKa BOKpyr oca Ox^. Kpoiae Toro aBMepeaafl, paccMOT- 
peaBae b n.4, oxBaTHBamT KopoTKBfi aaTepBan EpeMeaa. yKaaaaaHe 
ocJcTOHTejiBCTBa oOycjioBajia xopomee corBacae MaTeMaTaaecKoii Mone- 
jia c peayjibTaTaMa asMepeaafl. B aaciaocTa jiflu fA,^ (3hji0 no/tyHean 
oneBKa, <5fl03K0e k pacaeTaowy aaaqeBaiD (cm. ( 5 ) ). 

6. Onpenejeaae napaweTPOB CBotfonaoro nTuntanaH cnvTaaKa. 
npoBeneaaaa: b n.4 oneaKa napaweTpoB KBaKeaaa cnyTaana no peayBB- 
TaiaM 03MepeaHfi no3BOK0Ka oneaaTB 0 TonaocTB stbx asMepeaafi. Oji- 
aaKO TaKan oueaKa noayneaa b pauKax MaTeMaTaaecKOii Moupna, koto- 
paa, 'Kan BHacaaKocB b n.5, ae Bcerna lonaa. HosTOMy xoie^iocB da 
nojiy^TB oneBKy TonaocTa ESMepeaafl Benaaaa ‘*^^,<^2,^03, 0^ , V 
.Hpyraw cnocodoM. Bobmosboctb Cfle;iaTB sto naeT TpeTafi pas 03Me- 
peaafi napaMeTpoB sBBKeaaa cnyTaaKa, BHnosaeaanx P.M.I^eHKO b 
pesaMe CBodosaoro (aeopaeaTapoBaaaoro) sBaseaafl cnyTaaKa. 

PeaysBTaTH TpeTBero pasa BSMepeaa^ CBeseaa b Tadsauy 3. Hs- 
Mepeaaa aacToxBKo ukotbo pacno/ioseaH bo BpeMean, hto no3BoaaBT 
0cnosB3OEaTB cnesyiomafl mbtou bx odpadoTKa. Ilo saaBHM Tadsana 3 
c nouoiObK) cnjiafiaoB sasasaM ^yannaB iOi - u>i Ct) (i = i,z,3) • 

QpBMeH "KaBeuaTHHecKyE) moscbb" sBiiaeaaa cnyTaaKa, onacuBaeMyE) . 
nepBiniB tpchh ypaBBeaaflua (I). PaccuaTpaBaa stb ypaBaeaaH npa 
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Tac5;iKUa 3 


N 

fW 

1 

(rpa«/c) 

CO 2 

(rpaVc) 

UjjO*) 

(rpafl/c) , 

(^pa.^) 

■Ql 

I 

14^14*" 

0.003 

-0.003 j 

0.007 

- 

_ 

, 2 

16 

0.006 

-0.012 

0.004 

- 

- 

1 3 

18 

0.008 , 

-0.022 

0.001 

- 

- 

4 

20 

0.010 

-0.033 

-0.002 

- 

- 

5 

.22 

0.013 

-0.044 ■ 

-0.005 

- 

- 

6 

24 

0.015 

-0.055 i 

-0.008 

226 

2 

7 

26 

0.017 

-0.070 

-0.010 

- 

- 

8 

28 

0.022 

-0.090 

-0.010 

222 

5 

9 

30 

0.027 

-0.100 

-0.009. 

218 

6 

IP 

32 

0.031 

-0.120 

-0.007 

216 

10, 

II 

34 

0.036 

-0.130 

0.000 

208 

12 

12 

36 

0.040 

-0.130 

0.007 

202 

15 

13 

38 

0.044 

-0.140 ' 

0.018 

192 

18 

14 

40 

0.047 

-0.145 

0.030 

182 

18 

15 

46 

0.048 

-0.II5 

0.070 ■ 

- 

- 

16 

50 

0.044 

-0.085 

0.075 

- 

- 

17 

■ 55 

0.041 

-0.038 

0.065 

- 

- 

18 

15^00*^ 

0.038 

-O.OII 

0.042 

- 

- 

19 

05 

0.037 

0.005 

0.017- 

- 

- 

20 

10 

0.037 

0.010 

-0.007 

- 

- 

21 

15 

0.037 

0.006 

-0.013 

- 

- 

22 

20 

0.037 

0.005 

0.003 

174 

55 

23 

25 

0.035 

0.016 

0.028 

156 

60 

24 

30 

0.033 

0.037 

0.049 

146 

55 

25 

35 

0.030 

0.075 

0.065 

146 

45 

26 

40 

0.027 

0.II5 

0.075 

159 

25 

27 


0.025 

0.135 

0.049 

182 

8 

28 

50 

0.029 

0.135 

0.032 

198 

5 

29 

55 

0.029 

0.II5 

0.007 

215 

10 

30 

16^ 00"^ 

0.024 

0.085 

-0.008 

224 

20 

31 

05 

0.016 

0.042 

-O.OII 

224 

25. 

32 

■ 10 

0.007 

0.015 

-0.006 

212 

30 

33 

12 

0.003 

0.006 

-0.001 

210 

35 
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cJi -ioi(t) aoanTaeucs aunpoKcaMapoBaTB ax peoieBHflMa pe- 
3y2&T8TH HSuepeuHl) 2^rAOB << a ff . OCpaCoTKa apbbhx TaCjunH 3 c 
noMQObS) "RflaeiBTinecicofi uonexa" uoseT duTB npoBe.KeBa a Coxee co- 
BeptDeHHBiiii ueTOABUB, oABaRO npejutoseHnufl ueron aBnaeTca, oo-bb- 
msBtoujr. caimu iqtocTiai. 


eO£ =:Co“(t) aajmjjfSH oapaueipfl^ecKB b bhab 
t^t^-hb3^lU.),OJi iUl.i.i) . O^U. € 32. 

SnecB ^(u.) a S-i(u.) onpeAeoaorca onBOMnauiiii BupaseaHaiui 


sx -zx ±x ( 24 ) 


TAB #=faj+f, v=tt-fttj ( fttj - qeaaa <iacTB qacoau.), x ^ 
(ff’^0,1,... 34} - aeKOTopue K08$$aoiieBTH. Bupaseeae (24) aa- 

SHBaeTca Fjdtraecxau B-cnnaflaou [s] . Koaj^^ABeara b ‘ 

(24) tosao BaOapaTB pasaaiia cnoco(Saiia. Catufi npocToa as aax co- 

CTOBT B TOM, HTOCti nOJlOsath ***®= 2*^*^- 

a B RaMecTBe 33) acoojiBaoBaTB BeairviaH = 

= Qr^cOi<*'»/co^ , oiQ>eAejiaeiiHe no abhbuu Tac$- 

aaoa 3. Ooj^tj’aeBaae raRau odpaaoH ^BBoan tA)ia€ 0 *(t) 
npaBeAeau aa pac. 13 (cnaomaHe RpasHe). 3Be3A0'U(aMB aa 3 tom pa- 
cyaKe yBaaaaH tohkb (f ( a/ = f, 33 ), Kan bhaho aa pa- 
cyaica a cxepseT aa (24), spame iOi=fOi(t)Be npoxoAHT ^epes tov 
aa aa ecEraneBaeu RoaueBia TOHea , 

. 3to — cBoflcTBO S-cnnaflaa. 3a ctct sToro csofl- 
CTBa aaABBaeHae c nouocibs) S-cojuaflaoB annpoKcaioipyDDiBe iq>aBae 
noAy^as>Tca nnaBauua, a AOCTaraeTca aeaoTopoe crjBajcaBaaae peaynB- 
ratoB asuepeaafl. Taaoe craazaEaaae, OAHaao, zotb a flBflaeTca 
Bec&Ha noneaaHH, npaBOAaT r 3aueTBuu omadRau annpoKcauaiuia b 
oiq)ecTBOCTa tohcr aRCTpevyua ^yaRoaS to/'(t) (cu. pac. 13). flofl 
yjTpaaeBaa yRaaaaaax omadoH aeROTopae Ros^p^^uaeaTa diaa 

acnpaBAeaa noAdopoH. BaeceaHae acnpaBseaafl aKBBB^eaTBH CAenyD- 
metiy asueaeaaD Aaaauz xadnamj 3: 

Uji*^0.0«,Uj/^-*0.023.tO^^-*0.030. U3^-*aOU), 

0.018, -0.018, - 0.0/3 . 

nonyHeuaue b peaynBTaTe onacaaaoro yTcnaeBaa annpoRcauBpyDmae 
RpaBHe lOi npaaeAeaH aa pec. 14. 3Be3A(nKaiaB aa otom pa- 

cyHRe yBaaaau, pasyueeTca. BcraaBHe, a ae "acopaBneBaae- .pe- 
ayjiBTaTa a3Mepeaafi. PaccHaTpaBaeuup ^asae aaioABayoTca b no- 
CJieAyDiiieu aaasaae. QseAaeRBaApaTaqaue omadRa iq>aBflToro cnocoda 
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annpoKCHMaaHH HSMepekafl yraoBHX CKopocieB lo^ cociaB- 

2HDT COOTBeTCTEeBHO. 

5^= 0.0057 (0.0004 ipafl/c). 0.032 (0.002 rpafl/c)* 

ypaBBeHaa (I) oTBOCHiefliBO yraoB ^ ^ ^ 

(a) I = coi*(t) Mosao npBBecTB k bbaj 

^ =[sig_(u,)sin!(!i-n^(u.)u,sg]^^^ . 

IlycTB S(u.),^(u.) - pemeHKe ypaBBeaHJ! (25) c aa'iaflBHUBjB 

yC20BHHMH X(0)=Ko\ S(0) , ^lO) ° • CoCTaBBM fyBKUHOBaJI 

rue (cp. n.4) | 

. I sinS(u.)u>sg(u)^-cosS(u)sLnfifu)sutgfu) 

= cosS(u)cos^(u) 

'P(u) = ipo - aa£Stn[- 5utS(u)sinlf(u)+ cosS(u}sin^(u)ecsif{u)] , 

B CyBiHBpOBaBHe UpOBOnBTCH DO BCeM HBUepeBBflU yPAOB Ot B ]P , 
yKasaBBuu b laOjuiae 3. Sna onpeseaeBJaa Ba^iaaBBiuc ycaoBaS pemeaBa, 
annpoKCHMapyDmero aajjepeHaa yraoB ot a . aaflaeM 
(ueTOff BaaHeaBiiuuc KBajQ>aTOB). UaBaHasaDaa <P apoBonanacB’ caa- 
'laaa c douoikbd cayaaflaoro noacKa, a saTeii ueTonou PoseadpoKa. B 
pesyaBTBTe dwia noayaeaa caenyomae saaHeaaa fyaKuaoaaaa a aa- 
aaaBBHx ycaosafl / 

<t> = 0.1, ^0=2.7159, -0.36271, 0.12360. (26) 

Ii>a$BKa $yaKDafl| y(t), S(ir),p(t},</.Ce),f(t)M^ pemeaaa ypaBaeaafl 
(25) c BaaanBBBMa ycaoBaaua (26) asodpaxean aa pac. 15. SaeasoH- 
kaHa aa 3Toh pacyaRe yEasaau peayaBTaTu aauepeRafl yraosy. y^^f> . 
CpeRaeKBaapaTaHBHe onuidKa annpoKcaMaaaa leneK f 
a aaJtoeaauua ^yaKWiHiui oi(t) a f(t) cocTaBaan* , 

Sh = 0.044 (2.5°) , Ss = 0.056 (3.2°). 

jSjm cpaBBeaaa yRaseM, bto cpa acnoaBSOBaBaa b RaaeuaTineoRofl 
U 0 S 6 AH ^yBEOafl U}i=oo*(t) , DpeACTaBJieBBHx aa pac. 13, b tobrs 
3 K 0 TpeMyua 4^ =0.16, = 2.7147, S<, = -0. 35608, ■ 

- 0.14346, S 4 = 0.045 (2.6“), 65 = 0.68 (3.9°). 


B cay^ae 

(25) 
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HcnoiiBsyeMaa b abebom n^HKre MaTeuaTo^ecKaB uoAe;iB cii^tbb- 
K8 ocBOBaaa Ba npocTux KBBeMaTBqecKBx cooTBomeBHBx a smsenca. 
BecBua TOHBOS. B patocax aTofi mos&bb our nacnepcai} omafioK asuepe- 
brU yvnoBdi h c domoiicbe) nmpoKoyroxBHoro sBSBpa duxB noflyne- 
Hu oueBKB. opaKTBHecRB coBna^jBioiqBe c ouaHKaioB n.4. 3 to c oaboS 
CTopoBu nosTBepRflaeT npasH^iBBocTB DonyHeHBHx oueHOK BexmBB 
B o'y , c flpyrofl cTopoBH roBopBT 0 npBeMxeuofl to^hoctb ypas- 
BeBBfl (6) Ana o(5pa(3oTRB nepaoro paAa BsuepeBBfl. 

ABaaHS JyBKAHl} ^(.t) , S' (t) a ^(t) na pac. 15 noKaauBaeT, 
HTO ABBseBBe cnyTHBBa, napaueTpH KOToporo npaseAeBu b TadABue. 3, 
npeACTaBofleT codofl cynepnoaaABZ) KoaedaBaS oca Ox/ oTBOCBTeABBO 
MecTHofl sepTBKaAB a spameBaa cnyTBBKa soapyr aTofi oca. KoAeda- 
BBfl oca OXi npoacxoAHT ooaTa b baockoctb opdaTH a odycAOBAeau 
AettcTBBeu aa cnyraaK BoccTaaaBAaBaiomero rpaBBTauaoBHoro uomcb- 
Ta. OocAeABee yiBepsAeBae BAADCipapyeTCH CAeAymmaM pacneTOM. 
OBBseBae oca OXf . b nAOCKOCTa opdara c yaeTOM AefiCTsaa Ba cnyT- 
BBK rpaBBTaJABOBBOrO UOMeaTa UDSHO apadABTS^HBO ODBCaTB ypaBBeBB- 

eu .. 

S' 3(1-X) Sins' cosS =0. 

nepaoA T’ a amnAaTyAa S'm KOAedaTeABBoro pemeflaH aioro ypas- 
BeBBA CBBsaBH UBEAy codoi! cooTBomeflBeu 

^K ( iinStn) _ (27) 

V30-A) 

3a6cb K(i<-) - noAHHfl sAABATBaecKBi] BBTerpaA aepBoro poAa>. k - 
uoAyAB aAABnTBAecKBX $yBKKB 2 . Ha rpa^Ka liyBKqaB S(t) (pac.15) 
HflxnAHM T Si 4.58 ( 67 mbb.), Sm~ 0,82 (47°). CorAacBO se 
$opuyA6 (27) Ana T = 4.58 aueeti 8*^ = 50°. Hasaao xopomee 
coBDaneBae. TaKau odpasou, ABBseBae, apaBSAeBBOe Ha pac. 15. 
MosBo CABTaTB CBABBo BosuyoieHHHM ABBseBBeH CDyTBBKa B pesBue 
rpaBBTapaoBBOfi opaeBTauaa. 
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